FJ-E458 
HEAT PIPE TYPE COOLER 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a heat pipe 
type cooler. 

2 . Description of the Related Art 

At present, technologically advanced and 
10 miniaturized electronic equipments are appearing. This 
involves a serious problem of internally generated heat 
at a high temperature. Use of a heat pipe has been 
considered and examined for the purpose of efficiently 
transferring such heat. 
15 A heat pipe is a heat-transfer device 

comprising a sealed metal tube of a generally straight 
bar shape, with an inner lining of a wicklike capillary 
material and containing a small amount of fluid 
(condensed fluid) in a partial vacuum. A heat is 
20 absorbed at one end by vaporization of the fluid and is 
released at the other end by condensation of the vapor. 
A heat pipe is characterized by its simple structure and 
its a high heat transfer rate per unit area, and it can 
be used in a wide range of temperatures in response to 
25 requirements. 

Several examples of a cooling apparatus using 
heat pipes will be briefly described hereinbelow. 

Japanese Unexamined Patent Publication (Kokai) 
No. 63-254754 discloses a cooling apparatus, having a 
30 straight bar shaped heat pipe, wherein one end of the 

heat pipe is embedded and fixed in a metal block, and the 
other end of the heat pipe has on its outer surface a 
plurality of disc shaped fins, spaced apart and in 
parallel to each other, and the heat pipe extends through 
35 the centers of the fins. 

Japanese Unexamined Patent Publication (Kokai) 
No. 2-93270 discloses a cooling mechanism comprising 



cooling units, disposed in an air duct, wherein each of 
the cooling units has a straight bar shaped heat pipe of 
which one end is embedded and fixed in a heat generating 
element and the other end extends horizontally across the 
5 duct and has on its surface a plurality of square fins, 

spaced apart and in parallel to each other, such that the 
other end extends through and is perpendicular to the 
fins . 

Japanese Unexamined Patent Publication (Kokai) 
10 No. 3-134453 discloses a cooling apparatus comprising a 
straight bar shaped heat pipe of which one end is 
embedded and fixed in a heater and the other end is 
inserted into the center of a bobbin-like radiating body. 

Japanese Unexamined Patent Publication (Kokai) 
15 No. 3-96261 discloses a cooling apparatus comprising U 
shaped heat pipes wherein each of one end of each heat 
pipe is embedded and fixed in a corresponding side plate, 
and the other end of each heat pipe exists within a duct 
constructed by the side plates and extends through 
20 rectangular fins spaced apart and disposed in parallel to 
each other. 

Japanese Unexamined Patent Publication (Kokai) 
No. 7-45759 discloses a cooling apparatus comprising a 
straight bar-shaped heat pipe, one end of which is 

25 embedded and fixed in a heat receiving plate, the other 
of which has on its surface a plurality of square fins 
spaced apart and disposed in parallel to each other such 
that the heat pipe extends through the fins . 

However, according to the above prior art 

30 structures, there is a problem in that, since each of the 
heat receiving parts inevitably requires a considerable 
height due to the straight bar portion of the heat pipe 
perpendicularly embedded therein, there cannot be 
provided a cooler designed to the small in size and 

35 economical in operation. 

SUMMARY OF THE INVENTION 

The primary object of the present invention is, 


therefore, to provide a integrally constructed cooler of 
the heat pipe type, which is free from the aforementioned 
drawbacks and which ensures the achievement of sufficient 
cooling capacity and the realization of a simple, compact 
5 and in expensive cooler, that is especially low in 

height, employing and incorporating ingeniously a heat 
pipe. 

To achieve the above object, according to a first 
feature of the present invention, there is provided a 
10 heat pipe type cooler comprising: a heat receiver; a 

heat radiator; and a heat pipe; and wherein the heat pipe 
has a generally U or V shaped profile and is secured at 
its middle portion to the heat receiver and wherein the 


heat receiver and the hoar radiator are thermally 
connected with the heat pipe. 

Preferably, the heat radiator may have a 
configuration of a plurality of horizontally oriented 
heat radiation plates extending vertically and wherein 
each end of the heat pipe passes through the heat 

20 radiation plates. Preferably, the heat radiator may have 
corrugations. Preferably, the heat receiver may have a 
ridged portion for heat radiation. Preferably, the 
cooler may further comprise a fastener to secure the heat 
receiver to a subject to be cooled. Preferably, the 

25 cooler may further comprise a connector for another 

cooler. Further preferably, the connector may comprise a 
hook portion and a hook engaging portion. 

According to another feature of the present 
invention, there is provided a heat pipe type cooler, 

30 comprising: a heat receiver; a heat radiator; and a 
plurality of heat pipes; and wherein each of the heat 
pipes has a generally U or V shaped profile and is 
secured at its middle portion to the heat receiver and 
wherein the heat receiver and the heat radiator are 

35 thermally connected with the heat pipes. 

Preferably, the heat radiator may have a 
configuration of a plurality of horizontally oriented 


heat radiation plates extending vertically and wherein 
each end of each of the heat pipe passes through the heat 
radiation plates. Preferably, the heat pipes may be 
parallely spaced apart and disposed in a horizontal row. 
5 Preferably, the cooler may further comprise a ventilation 
duct with an inlet and an outlet such that it surrounds 
the heat radiator. Preferably, the cooler may further 
comprise a fan interposed between preselected heat pipes . 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 These and other objects of the present invention 

will become apparent from the following detailed 
description of the preferred embodiments of the invention 
in connection with the accompanying drawings. 

In the drawings: 

_ 15 Fig. 1 is a frontal view showing a heat pipe type 

5 cooler of a first embodiment according to the invention; 

Q Fig. 2 is a top view showing the cooler of Fig. 1; 

IP Fig. 3 is a side view showing the cooler of Fig. 1; 

O Fig. 4 is a side view showing the cooler fixed on 

20 the LSI; 

s Fig. 5 is a view showing a cooler including a heat 

O pipe modified; 

lis 

£7 Fig. 6 is a view showing a cooler in which the heat 

Jj receiving plate is provided with a rugged portion; 

V 25 Fig. 7 is a view showing a cooler in which the heat 

^ radiation plates have corrugations; 

Fig. 8 is a view showing a cooler in which two heat 
radiators are spaced apart, separate from each other; 

Fig. 9 is a view showing a cooling system comprising 
30 coolers interconnected; 

Fig. 10 is a view showing a cooler of another 
embodiment; 

Fig. 11 is a top view showing the cooler of Fig. 10; 
Fig. 12 is a top view showing a modification of the 
35 cooler of Fig. 10; 

Fig. 13 is a cross-sectional view showing a cooler 
according to further embodiment; and 
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Fig. 14 is a cross-sectional view showing a 
modification of the cooler of Fig. 13. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention are 
described hereunder, in detail, with reference to the 
drawings attached hereto. Common parts in each of the 
following embodiments are given the same reference 
characters /numbers , and thus a description thereof is 
properly omitted, and only parts characteristic of the 
present invention is mainly described hereunder. 

Figs. 1 to 4 show a first embodiment of heat pipe 
type cooler according to the invention. 

With reference to these drawings, the cooler 1 
includes a rectangular, heat receiving plate 3 adapted to 
be fixed to an element (including a heat generator), not 
shown, intended to be cooled, and also includes a 
generally U-shaped heat pipe H. Instead, as shown in 
Fig. 5, a heat pipe H (composing another cooler 1') may 
have a profile resembling a letter V, the intermediate 
portion of which being not sharp but round, so as to 
compose another type of cooler 1'. 

As seen in Fig. 1, the intermediate, curved portion 
of the heat pipe H is fixed to the center on an upper 
surface of the heat receiving plate 3. 

The heat pipe H has upstanding end portions in 
parallel with each other. Both of the heat pipe end 
portions pass through a heat radiator 5. The heat 
radiator 5 has a configuration of a number of (in this 
embodiment, six) horizontally oriented heat radiation 
plates (or fins) extending vertically. The heat 
radiation plates 5 resemble the heat receiving plate 3 in 
shape . 

The heat receiving plate 3 and the heat radiation 
plates 5 are made of a thermal conductive material, for 
example, aluminum and are thermally interconnected with 
the heat pipe H. 

The heat receiving plate 3 can be made thin. This 


and other embodiments are described on the assumption 
that the heat receiving plate 3 may have a thickness of 
0 . 5 mm. 

The fixation of the heat pipe H to the heat 
5 receiving plate 3 is carried out by means of adhesion, 
soldering, caulking, and etc. 

In the first embodiment having the above-described 
structure, as can be seen in Fig. 4, the cooler 1 is 
placed and secured on a LSI (an example of heat 
10 generating elements) by means of a fastener, e.g., by 
means of a suitable number of C-shaped clips C made of 
elastic material, such as stainless steel. Instead of 
such clips as those separate from coolers, the heat 
radiation plates 5 or the heat receiving plate 3 may be 
15 provided with integrally formed portions (not shown), 

each of which can perform substantially the same function 
as that of the C-shaped clip C. 

The heat generated by the LSI is conducted to the 
heat receiving plate 3 and is then transferred, through 
2 0 the heat pipe H, most efficiently to the heat radiation 
plates 5 where the heat is most effectively radiated 
outside . 

A thermally conductive member (not shown), such as a 
flexible sheet made of silicon rubber, a layer of a 

25 thermal grease, etc., can be interposed to promote 

conductivity between the top surface of the LSI and the 
bottom surface of the heat receiving plate 3. In 
connection therewith, the thermally conductive member can 
relieve a stress which may be generated due to a 

30 difference of thermal expansion coefficient between the 
heat receiving plate 3 and the LSI, and further can 
absorb or counteract a shock, a jar, or a jolt. 

Incidentally, as can be seen in Fig. 6, the heat 
receiving plate 3 ' can be provided with a ridged portion 

35 (including protrusions and recesses) on its top surface 
so as to widen the surface area thereof to promote heat 
radiation from the heat receiving plate 3 per se. 
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As can be seen in Fig. 7, the heat radiation 
plates 5' can have corrugations for heat radiation 
promotion. 

As can be seen in Fig. 8, there is provided another 
5 type of cooler which comprises a heat pipe H having a 

generally U shaped profile, the middle portion of which 
being fixed on a heat receiving plate 3, the end portions 
of which being upstanding, parallel each other, each 
being provided with a corresponding heat radiator 5 (5a, 
10 5b) such that it passes therethrough. 

Each of the heat radiators 5 has the same 
configuration wherein it comprises a group of 
horizontally oriented heat radiation plates 5a, 5b. The 
two groups of the heat radiation plates are spaced apart, 
^ 15 separate from each other, and extend vertically, 

yo Further, another provision (not shown) can be made in 

t? which radiation plates (of at least one group) have the 

h same tilting angle with respect to the corresponding, 

P upstanding end portion of the heat pipe H. 

JJ; 20 To any of the above-described cases, various 

s embodied coolers can use the concept that a large scale 

« cooling system may be built by determining one type of 

\\\ 

[7 cooler as a standard unit and by connecting a required 

J} number of the same type of coolers one after another in a 

25 row. One exemplary embodied example thereof is 
diagrammatically illustrated in Fig. 9. 

Cooling units 1" of Fig. 9 each are similar to the 
cooler 1 according to the first embodiment. Each unit 1" 
has a heat receiving plate 3", at one end of which is 
30 provided a male type projection 7 (as an example of a 

hook portion according to the invention), at an opposite 
end of which is provided a female type depression 9 (as 
an example of a hook engaging portion according to the 
invention) . 

35 Unit connection is achieved by engaging a 

projection 7 of one unit with a depression 9 of the other 
unit. By connecting in a series a required number of 
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units in the same way, a desired large scale cooling 
system for practical use can be easily and simply 
constructed. 

Referring now to Figs. 10 and 11, another embodiment 
5 of the invention will be explained hereinafter. These 
drawings illustrate a cooler 21 comprising a heat 
receiving plate 23 and a plurality of heat pipes H (three 
heat pipes H in this embodiment) . Each of the heat pipes 
H has a generally U-shaped profile, the middle, curved 
10 portion of which is fixed on the heat receiving plate 23. 

As can be "seen in the drawings, the heat pipes H are 
disposed substantially in parallel and. extending 
generally in a horizontal row. 

Each of the heat pipes H has upstanding end portions 
15 in parallel with each other which have a heat radiator 25 
in a manner that they are passing therethrough. 

The heat radiator 25 has substantially the same 
configuration as that of the above-described first 
embodiment, i.e., it comprises a number of (in this 
20 embodiment, there are six) heat radiation plates 25 
disposed in a vertical row with a certain interval 
therebetween, the plates 25 horizontally extending in 
parallel with each other such that each end of each of 
the heat pipes H passes through the heat radiation 
25 plates 25. 

Supposing that there is an air flow flowing from 
right hand side to left hand side in Fig. 11, the air may 
directly collide only with the upstanding heat pipe end 
portions which are disposed on the upstream side, i.e., 
30 right hand side. The air can hardly directly collide 

with the heat pipe end portions which are disposed on the 
downstream side, i.e., left hand side. 

The heat pipes H can also be arranged such that the 
heat pipes each are located at a slant with respect to 
35 the bottom side of the heat receiving plate 23 (or of the 
heat radiation plates 25), when viewed from the upper 
side, as shown in Fig. 12. In this arrangement, the air 
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can directly collide not only the upstream heat pipe end 
portions but also the downstream heat pipe end portions, 
thereby improving the heat radiation from the heat pipes . 
Next, Fig. 13 shows a cooler according to a further 
5 embodiment of the invention. The cooler 51 comprises a 
heat receiving plate 53 and two generally U-shaped heat 
pipes H fixed on the heat receiving plate 53. The heat 
receiving plates provided with a heat radiator 55 at 
their upstanding end portions. The heat radiator 55 

10 comprises a plurality of heat radiation plates 55 (in 

this embodiment, there are nine), extending horizontally 
in parallel with each other. 

The cooler 51 further comprises a ventilation duct, 
for example, a square pipe, which surrounds at least the 

15 heat radiation plates and has an inlet opening (on the 

right side) and an outlet opening (on the left side) . At 
the inlet is provided a fan F which may produce a current 
of air flowing through the duct. Further, as can be seen 
in Fig. 14, to make a small-sized cooler, another 

20 provision can be employed in which a fan F' is interposed 
between two neighboring heat pipes H. 

It is to be understood that the present invention is 
by no means limited to the specific embodiments as 
illustrated and described herein, and that various 

25 modifications thereof may be made which come within the 

scope of the present invention as defined in the appended 
claims . 


